INTRODUCTION
Dimethylaminophenazo thionium chloride, generally known as methylene blue (MB), is one of the basic dyes with the structure of heterocyclic aromatic chemical compound. These dyes were commonly used initially for dyeing of silk, leather, plastic, paper, as well as in manufacturing of paints and printing inks [1] . MB is not considered as an acutely toxic, mutagenic, and hazardous; but it has harmful effects [2] . It can give rise to short periods of rapid or difficult breathing once inhales, while ingestion of MB may cause nausea, vomiting, diarrhea, and gastritis. Large doses could cause abdominal and chest pain, headache, profuse sweating, mental confusion, painful micturation, and methemoglobinemia [3] .
Approximately 1-15% of dyes are discharged during dying process of textile industries [4, 5] . MB is one of the main sources of aquatic pollution with coloured compound and most practical dye for aqueous use; the presence of the sulfur seems to stabilize the molecule [6] . There have been reports of various complex patterns in MB catalyzed systems in alkaline solution during the past few decades [7] [8] [9] [10] [11] [12] . MB forms dimers and may form also higher aggregates in the aqueous solution [13, 14] . In addition, it is also can be decompose slowly in aqueous solution of pH>9.
Recently, advanced oxidation processes (AOPs) using semiconductors such as TiO 2 , ZnO, WO 3 , Fe 2 O 3 , etc. as photocatalyst have become more popular among the researchers because the AOPs can convert a wide range of harmful dyes into non-toxic products, CO 2 , and water at ambient temperature [15] [16] [17] . The use of support materials such as zeolite also became the focus of intensive study because it can lead to an efficient photoactivity, as a result of the synergistic effect given by both metal oxide and support [15, 16, 18] .
Therefore, the aim of this study is to focus attention on the decomposition of MB over EGZrO 2 /HY photocatalyst in aqueous alkaline solution. The reactions were conducted under dark and visible light illumination, in the presence and absence of the photocatalyst. The photocatalyst was subjected to X-ray diffraction (XRD) and transmission electron microscopy (TEM), while the changes on the decomposition of MB were observed as well.
EXPERIMENTAL

Materials
The HY zeolite had a Si/Al ratio of 80 and was purchased from the Zeolyst International. N,Ndimethylformamide (DMF) was purchased from Merck and naphthalene was obtained from Fluka. Sodium hydroxide, hydrochloric acid, and methylene blue (C.I. 52015 for microscopy) were obtained from QReC TM . The platinum (Pt) and zirconia (Zr) plate cells were obtained from Nilaco Metal, Japan. All reagents were of analytical grade and were used as received. Deionized water was used for the http://dx.doi.org/10.11113/mjfas.v7n2.253
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| 138 | preparation of the pH solution and adjustments to the pH were performed using a 0.1M HCl and NaOH solution.
Catalyst preparation
The 1 wt% EGZrO 2 /HY catalyst was prepared using a DMF solution (10 mL) which containing of 0.1 M TEAP, electrolyzed in the presence of a naphthalene mediator (6 mmol) and HY zeolite (1.5 g) in a normal one-compartment cell fitted with a Pt plate cathode (2 × 2 cm 2 ) and Zr plate anode (2 × 2 cm 2 ) at a constant current density of 120 mA/cm 2 under a nitrogen atmosphere at 273 K [17] [18] [19] . After electrolysis, the mixture was impregnated, oven dried overnight at 378 K, and calcined at 823 K for 3 h to yield a white powder (1 wt% EGZrO 2 /HY), therefore ready for characterization and photocatalytic testing. The required weight percent of the EGZrO 2 supported on HY and the time required for complete electrolysis was calculated based on Faraday's law of electrolysis,
where t = total time for the constant current applied (s); F = 96486 C mol
, which is the Faraday constant; I = the electric current applied; z = the valency number of ions of substances (electrons transferred per ion); and n = the amount of substance (no of moles, liberated n = m/M).
Characterization
The crystalline structures of the photocatalyst were studied by XRD recorded on a D8 ADVANCE Bruker Xray diffractometer using Cu K α radiation at a 2θ angle ranging from 3° to 90°, while the morphological properties of 1 wt% EGZrO 2 /HY photocatalyst were examined by TEM (JEOL JEM-2100F).
Reaction testing
The decomposition of MB was tested under dark and fluorescent light, with or without presence of photocatalyst, and the reaction was conducted for 18 days (432 h). A 0.075 g of the photocatalyst was used and dispersed in 200 mL of 10 mg L −1 MB aqueous solution at pH 11. At specific time intervals, 2.5 mL of the sample solution was withdrawn and centrifuged prior measurements for the remaining MB concentration by a UV-vis spectrophotometer (Agilent Technologies Cary 60 UV-vis) using the characteristic adsorption band at 664 nm, 612 nm, and 590 nm. The decolorization percentage was calculated as follows,
where C o represents the initial concentration and C t denotes a variable concentration.
RESULTS & DISCUSSION
The XRD pattern of the prepared EGZrO 2 /HY photocatalyst was compared with EGZrO 2 and bare HY, and the results are shown in Fig. 1 . The peak intensity of HY decreased as the EGZrO 2 was loaded because the presence of foreign substances affected the morphology of the supported HY fingerprint. A series of characteristic peaks were observed for EGZrO 2 which are consistent with the tetragonal and monoclinic phase of ZrO 2 (JCPDS 36-1541), with no other diffraction peaks were detected indicated the purity of the prepared EGZrO 2 [20] . The morphological properties of the EGZrO 2 /HY photocatalyst were examined by transmission electron microscopy (TEM), and the image is presented in Fig. 2 . The inset figures correspond to the fast Fourier transform patterns (FFT), and indicated that the material is crystalline phase. The existence of black spot confirms that the EGZrO 2 nanoparticles were well dispersed on the HY support. The absorption spectra of MB in alkaline solution at zero time (blank) are demonstrated at 664 nm (α-band) and 612 nm (β-band) (Figs. 3a-3d ). These two peaks are assigned to the absorption bands of the monomeric and dimeric forms [6] . Under dark conditions, in the absence of EGZrO 2 /HY photocatalyst, both α-and β-bands are decreasing, while a new peak at 590 nm was appears after kept for 30 h, indicating the formation of methyl violet (MV) (Fig. 3a) . However, in presence of photocatalyst, the MB was partially diminished, but after 312 h, the absorption band seems to starts shifted to 590 nm (Fig. 3b) . From this observation, it could be dictated that under strong alkaline conditions (pH 11) under dark condition, the MB is slowly converted into MV by hydrolysis of a dimethylamino group [6, 21] . The photolysis study of MB (Fig. 3c ) was also conducted under visible light, and it shows that less significant of MB decolorization was occurred. However, in the presence of EGZrO 2 /HY photocatalyst (Fig. 3d) , both α-and β-bands were reduced utterly with no formation of MV, showing the complete decolorization of MB after 432 h of contact time.
CONCLUSIONS
In this study, 1 wt% EGZrO 2 /HY photocatalyst was prepared by a simple electrochemical method. The physicochemical properties of the prepared photocatalyst were studied by XRD and TEM. The MB is slowly converted to MV when the reaction is carried out under dark and strong alkaline conditions (pH 11) during 30 h of contact time. However, in the presence of catalyst and under fluorescent light, the MB was completely decolorized without formation of MV.
